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Hadronic B Decays!

Higher-order amplitudes (penguins, box) play 
significant role. Access to CKM phases from 
amplitudes’ interferences (e.g. γ, βs). 
 

NP as new source of  CP-violation:  
provide(enhance) new(strongly-suppressed) 
operators; introduce new weak phases.  
 

Hard part: often disentangle NP from large 
hadronic uncertainties.  
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1.5 Neutral B mesons 19

We observe that a non-vanishing value can be generated through the interference between the two
weak amplitudes, provided both a non-trivial weak phase difference ϕ1 − ϕ2 and a non-trivial strong
phase difference δ1− δ2 are present. This kind of CP violation is referred to as “direct” CP violation,
as it originates directly at the amplitude level of the considered decay. It is the B-meson counterpart
of the effects probed through Re(ε′/ε) in the neutral kaon system, and recently established only in
the B0 → K+π− decay [11].

Since ϕ1 − ϕ2 is in general given by one of the UT angles – usually γ – the goal is to extract
this quantity from the measured value of ACP. Unfortunately, hadronic uncertainties affect this
determination through the poorly known hadronic matrix elements present in (1.50). In order to deal
with this problem, we may proceed along one of the following two avenues:

(i) Amplitude relations can be used to eliminate the hadronic matrix elements. We distinguish
between exact relations, using pure “tree” decays of the kind B+ → K+D [9, 10] or B+

c → D+
s D

[45], and relations which follow from the flavour symmetries of strong interactions, i.e. isospin
or SU(3)F, and involve B(s) → ππ,πK,KK modes [46].

(ii) In decays of the neutral B0
q mesons, interference effects between B0

q–B̄0
q mixing and decay pro-

cesses may cause “mixing-induced CP violation” (see sec. 1.5.4). If a single CKM amplitude
governs the decay, the hadronic matrix elements cancel in the corresponding CP asymmetries;
otherwise we have to use again amplitude relations. The most important example is the decay
B0

d → J/ψKS [47] (see sec. 1.5.4).
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Figure 1.5: Box diagrams contributing to B0
q -B0

q flavor mixing.

Within the Standard Model, B0
q–B̄0

q mixing (q ∈ {d, s}) arises from the box diagrams shown in
Fig. 1.5. Because of this phenomenon, an initially, i.e. at time t = 0, present B0

q -meson state evolves
into a time-dependent linear combination of B0

q and B̄0
q states:

|Bq(t)〉 = a(t)|B0
q 〉+ b(t)|B̄0

q 〉, (1.58)
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decays of B0
s (along with B0 and B+) mesons into charged final states and to exploit the very promis-

ing physics potential of the Bs system. Consequently, Bs physics is in some sense the “El Dorado”
for B experiments at hadron colliders. In fact only simultaneous measurement of B0, B+ and B0

s

observables can fully exploit U-spin symmetries to cancel out hadronic uncertainties and probe the
electroweak and QCD structure.

Amplitudes of B0
(s) → h+h

′− decays are dominated by b̄ → ū (tree-type) and b̄ → s̄(d̄) (penguin-
type) quark transitions (see figs. 1.6–1.9). The observed decay-rates are O(10−5) and smaller because
the former processes involve leading-order diagrams that are CKM suppressed (|Vub| " |Vcb|), while
the latter involves higher-order diagrams.
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Figure 1.6: Color-allowed (left panel) and color-suppressed (right panel) tree (T) diagram contributing
to B0

(s) → h+h
′− decays.
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Figure 1.7: QCD-penguin (P) diagram contributing to B0
(s) → h+h

′− decays.

Several strategies based on flavor symmetries were proposed to control the hadronic uncertainties
in the predictions of B0

(s) → h+h
′− amplitudes. In the following, we first focus the discussion on the

U-spin flavor-symmetry because it has a specific interest in the context of this analysis and second we
study the phenomenology of individual B0

(s) → h+h
′− mode.

1.7.1 Amplitude relations from U-spin flavor symmetry

The U-spin symmetry is a sub-group of the SU(3) flavor symmetry under which d quarks transform
into s quarks. The B0 → π+π− and the B0

s → K+K− decays are an example of completely U-spin-
symmetric channels. Relations (1.98)–(1.101) show an extended set of U-spin-symmetric decay modes

Today from CDF 
 

q Direct CPV in B(s)
0→K+π-  and Λb

0→pK-/π- with full data set.  
 

q  Bs
0 mixing phase,  τs and ∆Γs, with full data set. 

q  BR of  Bs
0→Ds

(*)+Ds
(*)- and  of  Bs⁰→J/ψφ with full data  set 

Brand

New!



Direct CP Violation !
in Charmless two-body 

b-hadron decays !
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Direct CPV in Charmless b-hadron decays !
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B0→K+π-, π+π-, K+K-    

Bs
0→K-π+, π+π-, K+K-    

Λb
0→pπ-, pK- 

 
Direct CP violation  
Kπ Puzzle from Belle. SM or NP? 
Likely SM, large hadronic uncertainties. 
Need experimental constraints from several decays. 
 
B0

s sector can shed light. Bs
0→K+π- nearly model independent test;  

Expect ACP~30%-50%, consistent with first LHCb evidence:  
(27 ± 8 ± 2)% - PRL 108 (2012). 
Baryon decays provide additional information. 

New for ICHEP:  
direct CP asymmetries with full CDF Run II datset	
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Equal b and b production.  
Flavor specific decays. b-flavor from final-state’s charges. 
“Count and correct” (for detector-induced charge asymmetries). 
 
 
 
Individual modes overlap in a single peak (width ~38 MeV/c2 ). 	
  

Strategy!
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A challenging analysis 

7/21/11 EPS-HEP 2011 - M.J. Morello 

Despite good mass resolution (∼22 MeV/c2), 
individual modes overlap in a single peak 
(width ∼35 MeV/c2 ) 

Need to determine signal composition with a Likelihood fit, combining 
information from kinematics (mass and momenta) and particle ID (dE/dx).    
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CDF Monte Carlo 

Exploit correlation 
between momenta 
and invariant mass. 

dE/dx: 1.4σ K/π 
power separation for 
track p>2GeV/c.  
Becomes 2.0σ  for 
the pairs KK/ππ 
and K+π -/π +K-.!

CDF Monte Carlo 

N( b → f  ) – cf N( b → f  ) 
N( b → f  ) + cf N( b → f  ) 

ACP = 

28-06-2012 F. Ruffini 56 
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Sample Composition!
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Data-driven approach 
 

q  2.0σ separation for K+π-/π+K-.  
 Calibrate on large sample of   
 D0→K-π+ and Λ0→pπ-. 

q  ππ mass resolution   
 Checked on large samples of   
 D0→K-π+ and D0→π-π+. 

q  Detector-induced asymmetry 
 O(1-2%) measured on data with 
 D0→K-π+ and Λ0→pπ- decays 

A challenging analysis 

7/21/11 EPS-HEP 2011 - M.J. Morello 

Despite good mass resolution (∼22 MeV/c2), 
individual modes overlap in a single peak 
(width ∼35 MeV/c2 ) 

Need to determine signal composition with a Likelihood fit, combining 
information from kinematics (mass and momenta) and particle ID (dE/dx).    
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CDF Monte Carlo 

Exploit correlation 
between momenta 
and invariant mass. 

dE/dx: 1.4σ K/π 
power separation for 
track p>2GeV/c.  
Becomes 2.0σ  for 
the pairs KK/ππ 
and K+π -/π +K-.!

CDF Monte Carlo 

Momentum imbalance between h and h’   

Signal yield from a Likelihood fit.   
Ensure statistical separation-power 
combining information from  
kinematics (mass and momenta) and  
particle ID. 

 

K+ hypothesis 

K
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ot
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s 
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V. FIT RESULTS

The signal yields from the fit (Table I) are corrected for different detection efficiencies to determine the physical
asymmetries, ACP (b → f), defined as

B(b → f)− B(b̄ → f̄)

B(b → f) + B(b̄ → f̄)
=

Nb→f − cfNb̄→f̄

Nb→f + cfNb̄→f̄
, (4)

where cf = ε(f)/ε(f̄) is the ratio between the efficiencies for triggering and reconstructing the final state f with
respect to the state f̄ . The cf factors correct for detector-induced charge asymmetries, and are extracted from control
samples in data. Simulation is only used to account for small differences between the kinematics of B → h+h′−

decays and control signals. The corrections for f = K+π− are extracted from a sample of about 30×106 untagged
D0 → K−π+ decays, corresponding to an integrated luminosity of about 6.0 fb−1. By imposing the same offline
selection to the D0 decays we obtain K∓π± final states in a similar kinematic region as our signals. We assume
that K+π− and K−π+ final states from charm decays are produced in equal numbers at the Tevatron, because
production is dominated by the strong interaction and, compared to the detector effects to be corrected, the possible
CP–violating asymmetry in D0 → K−π+ decays is tiny (< 10−3) as predicted by the SM [25] and confirmed by
current experimental determinations [26]. We also checked that possible asymmetries in D0 meson yields induced by
CP violation in B → DX decays are small and can be neglected [27]. Therefore, any asymmetry between observed
numbers of reconstructed K−π+ and K+π− charm decays can be ascribed to detector-induced effects and used to
extract the desired correction factors. The ratio N

D
0→K+π−/ND0→K−π+ is measured performing a simultaneous fit

described in [27]. The dE/dx information is not used because kinematics alone is sufficient to provide an excellent
separation in charm decays, as shown in Ref. [27]. We find cK−π+ = 0.983 ± 0.001, which is consistent and more
precise than a previous estimate done at CDF [24]. For the Λ0

b → pπ− asymmetry, the factor cpπ− = 1.01 ± 0.02 is
extracted using a similar strategy applied to a control sample of Λ → pπ decays [22]. This correction is extracted from
a simultaneous fit evaluating the yields of Λ → pπ+ and of Λ̄ → p̄π− and is dominated by the different interaction
probability of protons and antiprotons with the detector material. In the measurement of CP violation in Λ0

b → pK−

decays, instrumental charge-asymmetries induced in both kaons and protons are relevant. The cpK− factor is extracted
by combining the previous ones and assuming the trigger and reconstruction efficiency for two particles factorizes as
the product of the single-particle efficiencies.
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FIG. 3: Joint kaonness distribution for the positive (abscissa) and negative (ordinate) final state particles in B0 → K+π−

decays as determined from the calibration data of charm decays (left panel). Dipion mass as a function of β for simulated
Λ0

b → pK− decays (right panel).
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FIG. 1: Mass distribution of reconstructed candidates, mππ. The charged pion mass is assigned to both tracks. The total
projection is overlaid on the data distribution.

repeating the fit spanning the cutoff value (fixed in the fit) in the range [26.4,26.8] GeV2/c4 with a step of 0.001
GeV2/c4. A systematic uncertainty is assessed on the observables of interest taking the difference between the central
fit (minimum of the profile) and the fits intesecting the orizontal line at −2∆ logL = 4, corresopnding to a 95%CL
interval.
In order to ensure the reliability of the search for small signals in the vicinity of larger peaks, the shapes of the mass

distributions assigned to each signal have been modeled in detail. The momentum dependence and non–Gaussian
tails of resolution are included from a full simulation of the detector, while the effects of soft photon radiation in the
final state is based on PHOTOS package [23]. This resolution model was checked against the observed shape of the
3.8 × 106 D0 → K−π+ decays in a sample of D∗+ → D0π+ decays, collected with a similar trigger selection. The
D∗+ → D0π+ sample was also used to calibrate the dE/dx response of the drift chamber to kaons and pions, using
the charge of the D∗+ pion to identify the D0 decay products. The dE/dx response of protons was determined from
a sample of about 330 × 103 Λ → pπ− decays, where the kinematics and the momentum threshold of the trigger
allow unambiguous identification of the decay products [24]. PID information is summarized by a single observable
kaonness, defined as:

κ =
dE/dx− dE/dx(π)

dE/dx(K)− dE/dx(π)
(3)

where dE/dx(π) and dE/dx(K) are the expected dE/dx depositions for those particle assignments. The average
values of κ expected for pions and kaons are by construction 0 and 1. Statistical separation between kaons and pions
is about 1.4σ, while the ionization rates of protons and kaons are quite similar in the momentum range of interest.
The PID likelihood term, which is similar for physics signals and backgrounds, depends only on the kaonness and
on the expected kaonness (given a mass hypothesis) of the decay products. In particular the physics signals model
is described by the likelihood term LPID

j , where the index j univocally defines the particles in the final state, while

the background model is described by the two terms LPID
p and LPID

c , respectively for the physics and combinatorial
background, that account for all possible pairs that can be formed combining only pions and kaons. In fact muons
are indistinguishable from pions with the available dE/dx resolution, and are therefore included within the nominal
pion component. For similar reasons, the small proton component in the background has been included within the
nominal kaon component. Thus the physics background model allows for independent, charge-averaged contributions
of pions and kaons, whose fractions are determined by the fit; while the combinatorial background model, instead,
allows for more contributions, since independent fractions of positively and negatively charged pions and kaons are
determined by the fit.
Figures 1-2 report the distributions of the discriminant observables with fit projections overlaid. Figure 3 reports,

instead, some examples on how kinematic and PID information allow to disentangle amongst signal modes, and in
particular amongst CP -conjugated final states.

Results!
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Competitive measurement for B0. 
For Bs

0 confirm LHCb result with 
same resolution.  
Strong evidence (4.5σ) combining 
CDF and LHCb measurements: 
ACP(Bs

0→K+π-) = (24.2 ± 5.4)% 

Uncertainties halved w.r.t. the only 
last CDF measurement.  
Large asymmetries disfavored. 

CDF Note 10726 

ACP(B0→K+π-) = (-8.3 ± 1.3 ± 0.3)% 
ACP(Bs

0→K-π+) = (22 ± 7 ± 2)% 

ACP(Λb
0→pπ-) = (7 ± 7 ± 3)% 

ACP(Λb
0→pK-) = (-9 ± 8 ± 4 )% 

NEW!

Ntot(B0→K+π-)~11700 
Ntot(Bs

0→K-π+)~900 
Ntot(Λb

0→pπ-)~450 
Ntot(Λb

0→pK-)~600 



CP Violation !
in BS MIXING!
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Search for NP in Bs Mixing!

CP violation in Bs
0 mixing  

Can be significantly altered by NP. 
 

2011 DØ  
~4σ deviation from SM in  B 
semileptonic asymmetry.  
Independent cross-check is crucial. 
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Constrain BSM physics in Bs
0  

 
q  CP-violating mixing phase βs 

largely suppressed in SM 
 
q  Bs

H – Bs
L decay difference ∆Γs 

     ≠0 in SM 

? 

Bs⁰→J/ψφ  
Exploit interference 
between decays w/ and 
w/o  flavor oscillations. 
 



Joint fit to mass, production 
flavor, decay-time, decay-angles 
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Look at other B (εD2~1.4%)  
 

Look at K in fragmentation 
with Bs (εD2~3%)  

Trace the time-
evolution and fast 

Bs oscillations 
(90 fs resolution)  

Disentangle  
CP-even/CP-odd 

final state 
 

Include J/ψKK S-wave 
contribution 

Bs mixing phase with Bs⁰→J/ψφ   !
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2Mixing Induced CP Violation

Bs mixing Results!
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βs in [-0.06, 0.30 ] rad  
@ 68% C.L. 
CDF Note 10778 

Full dataset analyzed. 
Consistent with SM (<1σ)  
and other experiments. 

Assuming SM CP-violation,  
 
 
 

Agreement and competitive with 
other experiments. 

∆Γs = 0.068 ± 0.026 ± 0.007 ps-1 

  τs = 1.528 ± 0.019 ± 0.009 ps 
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Using recent Belle result, extract fs/fd. 
and measure the dependence on pT. 
 
 
Or get the BR(Bs⁰→J/ψφ)  
using known fs/fd and BR(B⁰→J/ψK*) 

Updating the Reference!
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Current PDG BR(Bs⁰→J/ψφ) dominated by CDF Run I measurement 
(1996),  ~30% uncertainty.  
 

Update with full Run II statistic  
Normalize to BR(B⁰→J/ψK*). Account for S-wave contributions 
(dominated syst. uncertainty). 
 
 
 

CDF Note 10795 

 (GeV/c)TB p
5 10 15 20 25

dfsf

0.22

0.24

0.26

0.28

-1CDF Run II Preliminary, 9.6 fb

 0.011± = 0.252 
df
sf

BR = (1.18 ± 0.02 ± 0.09 ± 0.15) 10-3 

fs/fd = (25.4 ± 0.3 ± 2.0 ± 4.4)%  

6

The default Bs and B0 samples are generated using the pT spectrum measured in the B → J/ψX analysis [11].
Additional samples are produced using the NDE NLO calculation [5]. The change in the pT spectrum results in small
changes in Arel (see Table IV).

To compute a systematic arising from the polarization, different MCs have been generated modifying ±1σ the
parameters ΓL/Γ and Γ⊥/Γ. The maximum variations for the Bs and the B0 are added in quadrature and taken as
systematic uncertainties. Table IV includes the systematic uncertainties related to the polarization.

Table IV shows a summary of the systematic uncertainties on Arel. The different contributions are added in
quadrature in the total systematic uncertainties.

VI. RESULTS

With the value of Arel, the measurements of the fsBr(Bs → J/ψφ)/fdBr(B0 → J/ψK∗) are made to be:

fs

fd

Br(Bs → J/ψφ)

Br(B0 → J/ψK∗)
= 0.239 ± 0.003(stat.) ± 0.019(sys.).

To determine fs/fd , the most recent CDF measurement [12] of fs/(fu + fd) × Br(Ds → φπ) is combined with the

actual PDG value [1] for Br(Ds → φπ). With the input of fs/fd = 0.269 ± 0.033, the ratio of branching fractions to
the reference B0 decays are:

Br(Bs → J/ψφ)

Br(B0 → J/ψK∗)
= 0.89 ± 0.01(stat.) ± 0.07(sys.) ± 0.11(frag.).

The PDG value for Br(B0 → J/ψK∗) is used to calculate the absolute branching fraction:

Br(Bs → J/ψφ) = (1.18 ± 0.02(stat.) ± 0.09(sys.) ± 0.14(frag.) ± 0.05(PDG)) · 10−3.

In addition of the ratio of branching fractions the value of fs/fd vs pT can be extracted. The fsBr(Bs →
J/ψφ)/fdBr(B0 → J/ψK∗) in different pT ranges are:

fs

fd

Br(Bs → J/ψφ)

Br(B0 → J/ψK∗)
(6 < pT < 7.5 GeV/c2) = 0.232 ± 0.009 (stat.) ± 0.019 (sys.),

fs

fd

Br(Bs → J/ψφ)

Br(B0 → J/ψK∗)
(7.5 < pT < 9.5 GeV/c2) = 0.238 ± 0.007 (stat.) ± 0.021 (sys.),

fs

fd

Br(Bs → J/ψφ)

Br(B0 → J/ψK∗)
(9.5 < pT < 13 GeV/c2) = 0.233 ± 0.005 (stat.) ± 0.020 (sys.),

fs

fd

Br(Bs → J/ψφ)

Br(B0 → J/ψK∗)
(pT > 13 GeV/c2) = 0.244 ± 0.005 (stat.) ± 0.021 (sys.).

Using the PDG value of Br(B0 → J/ψK∗) and the most recent Belle measurement of Br(Bs → J/ψφ) [3], the
values of fs/fd in different pT ranges are:

fs

fd
(all pT range) = 0.254 ± 0.003 (stat.) ± 0.020 (sys.) ± 0.044 (BR),

fs

fd
(6 < pT < 7.5 GeV/c2) = 0.247 ± 0.010 (stat.) ± 0.020 (sys.) ± 0.043 (BR),

NEW!



From the CP-even side!
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Bs
0→Ds

(*)+Ds
(*)- 

Predominantly CP-even. Can probe ΓL. 
 
Use 6.8 fb-1 collected by displaced track 
trigger to measure BR. 
 
Simultaneous fit to signal Bs

0→Ds
(*)+Ds

(*)- 
and normalization mode B0→Ds

+D- 

 
Full Ds

+→K+K-π+ Dalitz structure for 
precise determination of  acceptance. 
 
 
 
 
 
 
 
 
PRL 108 (2012) 

6
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FIG. 1: Invariant mass distribution of (a) B0
s →

D+
s (φπ+)D−

s (φπ−), (b) B0
s → D+

s (K̄∗0K+)D−
s (φπ−),

(c) B0
→ D+

s (φπ+)D−(K+π−π−), and (d) B0
→

D+
s (K̄∗0K+)D−(K+π−π−) candidates with the simultane-

ous fit projection overlaid. The broader structures stem from
decays where the photon or π0 from the D∗+

(s) decay is not

reconstructed. Misreconstructed signal events in (c) show up
as reflections in (b).

events. The systematic uncertainties due to the detector
simulation are estimated by the shift of the results with
respect to the case in which this reweighting is not ap-
plied. The uncertainties on the world average B0, D+,
and D+

s lifetimes are propagated by varying the lifetimes
in the simulation. For the B0

s lifetime, we consider two

Source fDsDs
fD∗

s
Ds

fD∗

s
D∗

s
f
D

(∗)
s

D
(∗)
s

Signal model 0.003 0.007 0.009 0.019
Background model 0.001 0.004 0.030 0.033
Detector simulation 0.001 0.003 0.010 0.005

B, D lifetimes +0.001
−0.002

+0.002
−0.004

+0.003
−0.006

+0.006
−0.012

Dalitz model 0.011 0.024 0.038 0.073
Helicity model 0.001 0.005 0.012 0.008

Branching fractions 0.013 0.024 0.039 0.074
Total 0.017 0.035 0.065 0.112

TABLE I: Overview of systematic uncertainties on the mea-
sured ratios of branching fractions.

cases, the 1σ lower bound of the world average short-lived
eigenstate lifetime and the 1σ upper bound of the mean
B0

s lifetime. The effects on the acceptance induced by
variations of the D+

s → K+K−π+ Dalitz structure are
considered by generating different Dalitz model scenar-
ios, with Dalitz model parameter values varied according
to the systematic and correlated statistical uncertainties
of the CLEO Dalitz fit. The uncertainties of the D+

Dalitz model have a negligible effect on the result. For
B0

s → D∗+
s D∗−

s decays we investigate the effects of both
a longitudinal polarization fraction fL deviating from our
nominal assumption and a non-zero fraction of the CP -
odd component fCP−. The fraction fL is varied in the
simulation according to the uncertainty of the fL mea-
surement in B0 → D∗+D∗− decays [18]. A variation of
fCP− shows no effect on the B0

s → D∗+
s D∗−

s mass line
shape, fit quality, or measured branching fraction ratios.
The effect of self cross-feed due to a wrong assignment of
kaon and pion masses is negligible.

Further systematic uncertainties arise from external in-
put quantities. The uncertainties of intermediate and
final state branching fractions, B(D+

s → K+K−π+),
B(D+ → K−π+π+), and B(D∗+ → D+γ/π0), are prop-
agated in the fit by adding Gaussian constraints to the
corresponding fit parameters. The resulting uncertain-
ties of the measured branching fraction ratios are ex-
tracted by subtracting in quadrature the statistical un-
certainties of the fits with branching fraction constrained
and the one where they are fixed to the central val-
ues. When calculating the absolute branching fractions

B(B0
s → D(∗)+

s D(∗)−
s ) an additional relative uncertainty

of 16% is introduced by the measurement uncertainties
of fs/fd and the branching fraction of the normalization
channel B0 → D+

s D
−. The systematic uncertainties are

summarized in Table I.

As a result we obtain fDsDs
= 0.183 ± 0.021 ± 0.017,

fD∗

s
Ds

= 0.424± 0.046± 0.035, fD∗

s
D∗

s

= 0.654± 0.072±
0.065, and f

D
(∗)
s D

(∗)
s

= 1.261 ± 0.095 ± 0.112, where
the first uncertainties are statistical and the second sys-
tematic. Taking B(B0 → D+

s D
−) = (7.2 ± 0.8) ×

10−3 from Ref. [12] and fs/fd = 0.269 ± 0.033 from
Ref. [12, 20] an absolute inclusive branching ratio of
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Data taking ended in September 30th 2011. 
Getting analyses finalized in full dataset.  
Shown results are less than 6 months old.  
 
CDF keeps contributing to HF  
while passing baton to LHC experiments. 
 
Confirm LHCb direct CPV in Bs

0→K+π-   
with same resolution, providing strong  
evidence. Unique ACP measurements in Λb

0 
decays. 
 

Bs
0 mixing phase closer to SM. Competitive 

measurements of  τs, ∆Γs 
 

Precise BR measurements  
(Bs

0→Ds
(*)+Ds

(*)-, Bs⁰→J/ψφ) 
  

Will focus on measurements that are unique to 
Tevatron or systematics-limited.  
Still interesting results to come. 

Conclusions 
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Backup 



CDF!
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10 fb-1 of  pp collisions @ 2 TeV  
on tape.  
All species of  heavy flavors.  
 
Good tracking,σ(pT)/pT

2=0.1%.  
9 MeV of  B mass resolution and  
90 fs of  decay-time resolution for  
Bs⁰→J/ψφ decays.  
 
Powerful triggers 
Silicon for tracks displaced from pp  
vertex (45 µm IP resolution).  
Low-pT muons for J/ψX final state  
(80% acceptance @ |η|<1) 
 

Shut down 30 Sept. 2011. Getting the analyses finalized in full dataset.  



B → hh’ Fit Projections!
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FIG. 2: m2
ππ, β, ptot , κ+ and κ− distribution of reconstructed candidates. The total projection is overlaid on the data

distribution.

5

]4c/2 [GeV2
-/+/m

26 28 30 32

4 c/2
C

an
di

da
te

s 
pe

r 0
.0

9 
G

eV

500

1000

1500

]4c/2 [GeV2
-/+/m

26 28 30 32

4 c/2
C

an
di

da
te

s 
pe

r 0
.0

9 
G

eV

500

1000

1500

-1 = 9.30 fbL dt0CDF Run II Preliminary 

data
total

-/+ KA0B
-K+ KA0

sB
-/+/ A0B
+/- KA0

sB
- pKA0

bR
-/ pA0

bR
-K+ KA0B

-/+/ A0
sB

Multibody B decays
Combinatorial bkg

`
-1.0 -0.5 0.0 0.5 1.0

C
an

di
da

te
s 

pe
r 0

.0
4 

0

500

1000

1500

-1 = 9.30 fbL dt0CDF Run II Preliminary 
data
total

-/
+ KA

0B
-K+ KA0

sB
-/+/ A0B
+/- KA0

sB
- pKA0

bR
-/ pA0

bR
-K+ KA0B

-/+/ A0
sB

Multibody
B decays
Combinatorial
bkg

]c [GeV/
tot

p
5 10 15 20 25 30

c
C

an
di

da
te

s 
pe

r 0
.5

 M
eV

/

0

500

1000

1500

2000

]c [GeV/
tot

p
5 10 15 20 25 30

c
C

an
di

da
te

s 
pe

r 0
.5

 M
eV

/

0

500

1000

1500

2000

-1 = 9.30 fbL dt0CDF Run II Preliminary 

data
total

-/+ KA0B
-K+ KA0

sB
-/+/ A0B
+/- KA0

sB
- pKA0

bR
-/ pA0

bR
-K+ KA0B

-/+/ A0
sB

Multibody B decays
Combinatorial bkg

+g
-4 -2 0 2 4

C
an

di
da

te
s 

pe
r 0

.1

0

500

1000

-1 = 9.30 fbL dt0CDF Run II Preliminary 

data
total

-/+ KA0B
-K+ KA0

sB
-/+/ A0B
+/- KA0

sB
- pKA0

bR
-/ pA0

bR
-K+ KA0B

-/+/ A0
sB

Multibody B decays
Combinatorial bkg

-g
-4 -2 0 2 4

C
an

di
da

te
s 

pe
r 0

.1

0

500

1000

1500
data
total

-/+ KA0B
-K+ KA0

sB
-/+/ A

0B
+/- KA0

sB
- pKA0

bR
-/ pA0

bR
-K+ KA

0B
-/+/ A0

sB
Multibody B decays
Combinatorial bkg

-g
-4 -2 0 2 4

C
an

di
da

te
s 

pe
r 0

.1

0

500

1000

1500

-1 = 9.30 fbL dt0CDF Run II Preliminary 

FIG. 2: m2
ππ, β, ptot , κ+ and κ− distribution of reconstructed candidates. The total projection is overlaid on the data

distribution.
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B → hh’ Systematics!
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7

Mode N Quantity Measurement

B0 → K+π− 6348 ± 117 B(B0→K−π+)−B(B0→K+π−)

B(B0→K−π+)+B(B0→K+π−)
−0.083 ± 0.013 ± 0.003

B
0 → K−π+ 5313 ± 109

B0
s → K−π+ 354 ± 46

B(B0
s→K+π−)−B(B0

s→K−π+)

B(B0
s→K+π−)+B(B0

s→K−π+)
+0.22 ± 0.07 ± 0.02

B
0
s → K+π− 560 ± 51

Λ0
b → pπ− 242 ± 24

B(Λ0
b→pπ−)−B(Λ0

b→pπ+)

B(Λ0
b
→pπ−)+B(Λ0

b→pπ+)
+0.07 ± 0.07 ± 0.03

Λ
0
b → pπ+ 206 ± 23

Λ0
b → pK− 271 ± 30

B(Λ0
b→pK−)−B(Λ0

b→pK+)

B(Λ0
b
→pK−)+B(Λ0

b→pK+)
−0.09 ± 0.08 ± 0.04

Λ
0
b → pK+ 324 ± 31

TABLE I: Direct CP asymmetries. The first quoted uncertainty is statistical, the second is systematic. N is the number of
fitted events for each mode.

VI. SYSTEMATICS

A synopsis of all the systematic uncertainties is reported in table II. The total systematic uncertainty on each
measurement has been determined as the sum in quadrature of the single systematic uncertainties. When the
systematic uncertainty is asymmetric, the largest value has been used in the squared sum. Here a short description

source ACP (B
0 → K+π−) ACP (B

0
s → K−π+) ACP(Λ

0
b → pπ−) ACP (Λ

0
b → pK−)

Charge asymm. of momentum p.d.f 0.0011 0.0025 0.0009 0.0022

Signals momentum p.d.f. 0.0013 0.0043 0.0054 0.0103

Combinatorial back. momentum p.d.f 0.0004 0.0072 0.0257 0.0065

Physics back. momentum p.d.f 0.0008 0.0002 0.0003 0.0004

Signals mass p.d.f. 0.0002 0.0066 0.0018 0.0006

Combinatorial back. mass p.d.f. <0.0001 0.0001 <0.0001 <0.0001

Physics back. mass p.d.f 0.0001 0.0006 0.0005 0.0001

Particle Identification model 0.0023 0.0066 0.0040 0.0046

Charge asymmetry 0.0014 0.0013 0.0094 0.0096

Triggers relative efficiency 0.0003 0.0083 0.0004 0.0034

Nominal b-hadrons masses 0.0001 0.0049 0.0007 0.0008

pT (Λ0
b) spectrum 0.0001 0.0010 0.0052 0.0021

Λ0
b polarization <0.0001 0.0027 0.0089 0.0364

TOTAL 0.003 0.02 0.03 0.04

TABLE II: Summary of the systematic uncertainties.

of the sources of the systematic uncertainties listed in Tab. II:

• Charge asymmetries of momentum p.d.f : possible hidden charge asymmetries in the momentum (β,ptot )
p.d.f. for signals and backgrounds.

• Combinatorial back. momentum p.d.f : uncertainty on the (β,ptot ) p.d.f. for the combinatorial back-
ground.
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The Mild 2008 Excitement!
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∆Γs: Systematics!


